In this review, three subjects are discussed: a phenomenological application of lattice predictions to K 0 -K 0 mixing in Super Symmetry; a discussion of the non-perturbative renormalization methods for four-fermion operators and a new approach to extract weak matrix elements in effective theories denoted as OPE without OPE (operator product expansion without operator product expansion).
Introduction
Since the original proposals of using lattice QCD to study hadronic weak decays [1] - [3] , substantial theoretical and experimental progress has been made: with both Wilson and staggered Fermions, the main theoretical aspects of the renormalization of composite four-fermion operators are, by now, fully understood [4, 5] ; the calculation of the K 0 -K 0 mixing amplitude, expressed in terms of the so-called renormalization group invariant BparameterB K , has reached a level of precision (at least in the quenched approximation) which is unpaired by any other approach [6] - [8] (for a detailed discussion see [9] ); increasing precision has also been gained in the determination of the electro-weak penguin amplitudes (and of the strange quark mass [10] ), which are relevant in the prediction of the CP violating parameter ǫ ′ /ǫ. A lot of progress has also been made in the determination of quantities which enter heavy hadron weak processes and which are reviewed by T. Draper in his plenary talk [11] . Still, in particular for kaon physics, many problems are unsolved or poorly understood. By using chiral perturbation theory and SU (3) symmetry, for example, one may relateB K to the physical ∆I = 3/2 K → ππ amplitude, A 2 . The large value of B K ∼ 0.85 found in lattice calculations leads to a prediction for A 2 which is about 40% larger than its experimental value. It is not clear whether this is due to a failure of chiral perturbation theory, or to electro-magnetic effects [12] . In the former case, the use of K → π matrix elements, combined with chiral perturbation theory, to predict the ∆I = 1/2 amplitude A 0 or ǫ ′ /ǫ would be very suspicious. Until very recently, the only existing calculation of two other B-parameters which are very important for ǫ ′ /ǫ, namely B 5 and B 6 , was the one performed with staggered Fermions in [13] . Then, the perturbative one-loop lattice corrections to the relevant operators were computed [14] and found so large as to make the old estimate of [13] very doubtful (a recent calculation of B 6 was presented in [15] ). Thus, we do not have any reliable lattice estimate of B 5 and B 6 . Finally, there is no convincing lattice calculation of A 0 yet, although some new results with staggered fermions have been presented at this Conference [16] . In spite of considerable technical improvements, and of the increasing computer power, no fundamental advance has been done last years for the problems mentioned above. For this reason, rather than presenting new results, I discuss new methods which have been proposed in order to compute the relevant matrix elements. In most of the cases, these methods have not been applied yet, or only feasibility studies exist. This is the content of sec. 4. In sec. 2, I present a recent application of lattice calculations of ∆S = 2 amplitudes to flavor changing neutral current (FCNC) phenomenology in Super Symmetric models. In sec. 3 several approaches, which have been used or proposed for the non-perturbative renormalization of lattice four-fermion operators, are discussed and compared.
∆S = 2 transitions in SUSY
The prescription of minimality in the number of new particles introduced to supersymmetrise the Standard Model (SM), together with the demand of conservation of baryon and lepton numbers, does not prevent the appearance of more than 100 new SUSY parameters, in addition to the 18 already present in the SM. FCNC and CP violating phenomena are protagonists of a drastic reduction of these extra degrees of freedom. Among the possible FCNC processes,
mixing play a very special role. In this section, a recent analysis of K 0 -K 0 mixing in SUSY is discussed [17] . This analysis makes use of the recently computed NLO corrections to the SUSY effective Hamiltonian [18] and of the matrix elements of the relevant operators (renormalized non-perturbatively in the RI-MOM scheme), computed on the lattice [19] . This is a new, interesting application of the lattice method for studying the physics beyond the SM. Unfortunately, for lack of space, many other applications to physics beyond the SM cannot be discussed here. A detailed discussion of the non-perturbative methods which can be used to renormalize the relevant four-fermion operators can be found in sec. 3. Let us start by defining the model used to construct the low-energy effective Hamiltonian for ∆F = 2 transitions. In the so-called mass insertion approximation [20] , one chooses the super-CKM basis for the fermion and sfermion states, where all the couplings of these particles to neutral gauginos are flavour diagonal, while the genuine SUSY FC effects are exhibited by the nondiagonality of the sfermion mass matrices. Denoting by ∆ 2 the off-diagonal terms in the sfermion mass matrices (i.e. the mass terms relating sfermions of the same electric charge, but different flavour), the sfermion propagators can be expanded as a series in terms of δ = ∆ 2 /m 2 , wherẽ m is the average sfermion mass. As long as ∆ 2 is significantly smaller thanm 2 , we can just take the first term of this expansion and, then, the experimental information concerning FCNC and CP violating phenomena translates into upper bounds on the δs [21] - [22] . There exist four different ∆ mass-insertions connecting flavours d and s . The indices L and R refer to the helicity of the fermion partners. For gluino-mediated processes, for example, the amplitude for ∆S = 2 transitions in the full theory is given by the computation of the diagrams in fig. 1 . Having calculated the amplitude from the diagrams in fig. 1 , one has to choose a basis of local operators and perform the matching of the full theory to the one described by H ∆S=2 eff . In [17, 19] , they have adopted the form
and the operatorsQ 1,2,3 are obtained from the
, and α and β are colour indices. The Wilson coefficients C i (µ) (C i (µ)) for the operators renormalized at the scale µ are obtained by computing the coefficients at the large energy scale, C i (M S ), where M S is the order of the gluino (squark) mass, and then evolving them to µ using suitable QCD renormalization group equations, which depend on the operator anomalous-dimension matrix. The latter is only determined from QCD and does not know about the underlying fundamental theory at the large energy scale. The next-to-leading anomalous-dimension matrix for the most general H
∆F =2 eff
has been computed in [18] . They used the regularisation-independent (RI) anomalous dimension in the Landau gauge, since we will make use of matrix elements computed in lattice QCD with the same choice of renormalisation scheme [19] . A full NLO computation would also require the O(α s ) corrections to the matching conditions. Unfortunately, such corrections are not available yet. One might argue that, being of order α s (M S ), these contributions should be small, as suggested by the cases of the SM and of the two Higgs doublet model; this statement can only be confirmed by an explicit computation. Due to the absence of O(α s ) corrections to the matching, our H ∆F =2 eff will be affected by a residual scheme dependence, which would be cancelled by the missing terms of order α s (M S ). A simple analytic formula for the expression of the Wilson coefficients as a function of the initial conditions at the SUSY scale, C(M S ), and of α s (M S ) can be given. For M S > m t , one has
where, in the evolution of the coefficients from
, and the magic numbers a i , b r,s i and c r,s i at µ = 2 GeV in the RI-MOM scheme can be found in [17] . The magic numbers for the evolution ofC 1−3 are the same as the ones for the evolution of C 1−3 . Eq. (3) can be used in connection with the B-parameters, given in eq. (5) below, to compute the contribution to ∆M K and ε K at the NLO for any model of new physics in which the new contributions with respect to the SM originate from extra heavy particles. One has just to plug in (5) the C i of his favourite model. In the case of the renormalised operators, a convenient definition of the B-parameters is the following
where the notationQ i (µ) (or simplyQ i ) denotes the operators renormalised at the scale µ. Here and in the following, the same expressions of the B-parameters of the operators Q 1−3 are valid for the operatorsQ 1−3 . In eq. (4) the operators and the quark masses are renormalised in the same scheme (RI, M S, etc.) at the scale µ and the numerical results for the B-parameters, B i = B i (µ), presented below refer to the Landau RI scheme. Moreover, without loss of generality, terms which are of higher order in the chiral expansion and which are usually included in the definition of the B-parameters have been omitted. The advantage with the definition (4) is that the B-parameters obeys to very simple renormalization group equations, with an anomalous dimension matrix which is related in a simple way to that of the corresponding operators [19] . In the numerical study below, the following values of the B-parameters, for µ = 2 GeV, have been used
The central value used for B 1 = B K corresponds to B MS K (2 GeV) = 0.61, in agreement with the recent estimates of [9] . B 2−5 have been taken from [19] , where all details of the computation can be found (for another determination of these Bparameters, calculated with a perturbative renormalization, see [23] ). As an example, I present the results of a modelindependent analysis of K 0 -K 0 mixing. The K L -K S mass difference ∆M K and the CP-violating parameter ε K are given by
The SUSY (gluino-mediated) contribution to the low-energy H
∆S=2 eff
contains two real and four complex unknown parameters: mq, mg, δ
. The modelindependent constraints are obtained by imposing that the sum of the SUSY contributions proportional to a single δ-parameter and of the SM contributions to ∆M K and ε K does not exceed the experimental value for these quantities. This is justified by noting that the constraints on different δ-parameters in the kaon case exhibit a hierarchical structure, and therefore interference effects between different contributions would require a large amount of fine tuning. The B-parameters used in the analysis are those given in eq. (5) subtracted by one standard deviation to their central values, in order to extract a more conservative bound on SUSY parameters. The limits on the δ-parameters for a typical value of the gluino and squark masses are reported in tables 1 and 2 (more detail can be found in [17] ). As a glimpse at tables 1 and 2 readily shows, the inclusion of the NLO QCD corrections to the Wilson coefficients of H ∆S=2 eff and the use of the lattice B-parameters, instead than the matrix elements evaluated in the vacuum saturation approximation (VSA), affects the results in different ways, according to the different operators. The effects are particularly large for left-right operators.
Non-perturbative renormalization of four-fermion operators
From the theoretical point of view, the calculation of hadronic weak decays can usually be divided in two parts: the calculation of the effects of Table 1 Limits on Re (
, for an average squark mass mq = 500 GeV and for different values of strong interactions at short distances, which can be done in perturbation theory using the Wilson Operator Product Expansion (OPE), and the calculation of the hadronic matrix elements of local operators. The latter contain the effects of strong forces in the infrared region where perturbation theory cannot be applied and the lattice approach is used. This is the path followed in sec. 2 for the costruction of H
∆F =2 eff
. An important point in the full approach is the consistency between the procedure used to obtain the renormalized operators and the scheme adopted in the calculation of the Wilson coefficients. Unlike in many other formulations, as for example in the 1/N expansion beyond the leading order [24] , and in the chiral quark model [25] , the matching of the renormalized operators to the corresponding Wilson coefficients can be rigorously done, at least in principle, using lattice perturbation theory. In practice, the matrix elements of the renormalized operators constructed from the bare lattice ones are subject to two main sources of systematic effects: the renormalization constants (matrices) are usually computed in one-loop lattice perturbation theory and are subject to large O(g 4 ) errors; in most of the cases the matrix elements are computed using the Wilson action and they suffer from O(a) discretization errors. Numerical studies [27] of the matrix element of the ∆S = 2 left-left operator,
shown that the chiral behaviour of the renormalized operator is not significantly better if one adopt a tree-level improved action and operators, whereas it is significantly improved by using non-perturbatively determined renormalization constants (either by Ward identities [26] or with the non-perturbative method (NPM) of [28] ) 1 . In this section, I review some of the methods which is possible to use in order to renormalize non-perturbatively the lattice operators, thus eliminating one of the main sources of uncertainties in the calculation of the physical amplitudes. To this purpose it is useful to start with some definition and classification of the relevant four fermion operators. In the following I only discuss the case of ∆S = 2 or ∆I = 3/2 operators, which cannot mix with operators of lower dimensions. A full discussion of the renormalization of ∆I = 1/2 operators can be found in [29] and more recently in [30] , see also [36] . Operator basis In order to illustrate the renormalization properties of these operators, it is convenient to work in a theory with four distinct flavours and define the generic operator as
where Γ 1,2 denote one of the 16 Dirac matrices, Γ = {1 I, γ µ , σ µν , γ µ γ 5 , γ 5 } ≡ {S, V, T, A, P }, and summation of Lorentz indices is implied when necessary. For example
In total we can classify ten parity-even and ten parity-odd operators. There are several possible choices for the operator basis. In the following, I will use
for the parity-even operators and
for the parity-odd ones. Parity, chirality and generalized CPS symmetries restrict the possible mixing between different operators [31] . The simplest case is that of the parity-odd operators for which the mixing matrix, Z ij , is a sparse block diagonal one. We havê
where theQ i denote the renormalized operators and
The block-structure of the matrix Z ij is not changed by a lattice regularization which breaks chiral symmetry. The situation is rather different for the parity-even operators Q i . In an ideal, chirally symmetric regularization scheme, χRS, the mixing matrix of the parity-even operators Z ij would have the same block-structure as the mixing matrix of the parity-odd ones. The explicit chiral symmetry breaking induces further mixing which can be removed by suitable counterterms which enforce, up to discretization errors, the relevant Ward identities for the subtracted operators. A convenient parametrization of the renormalization matrix is given by the following expressionŝ
where
and
Note that in the hypothetical χRS, ∆ ± = 0 and Z ij = Z ij . Ward identities and the NPM I now discuss, with one simple example, the determination of the mixing matrix ∆ ± using the Ward identity method (WIM). The WIM, first discussed in [4] (see also [32] ), was applied in [33] to determine the renormalization constant of the axial current using quark Green functions and then implemented to the non-perturbative determination of the mixing coefficients of the ∆S = 2 operator Q 1 in [26] . I will also show that the WIM is equivalent to the NPM on quark and gluon states, first proposed in [28] and then implemented for the renormalization of the four-fermion operators in [27] . A more detailed discussion can be found in [34] . Before discussing the Ward identities, I have to introduce some definition. The Green functions considered in the following are given by the expectation values of the following multilocal operators:
and similarly for G 
etc. For simplicity, the colour and spin indices have not been shown explicitly and the ± superscripts have been dropped from operators and correlation functions. Having thus defined G k , G k G (1) k etc. in coordinate space, we will also be using the corresponding Green functions in momentum space G k (p), G k (p), G k (p) will be denoted by Λ k (p), J\ k (p) and J\ (1) k (p), respectively. On quark states, the relevant Ward identity for the operator Q 1 can be written as
where the flavour indices of A µ (x) and P (x) have been omitted. Out of the chiral limit, the 2m 0 P (x) term is present, but the surface term from the current divergence vanishes upon integration. I will be considering this case, in order to mimic what is practicaly done in numerical simulations (i.e. first we compute quantities at small non-zero quark mass and then extrapolate to the chiral limit). The operator X 5 arises from the variation of the chiral symmetry breaking Wilson term in the action. As shown in [4] (see also [35] for a detailed discussion) it mixes, under renormalization with ∇ µ A µ and P . This mixing, determined by the requirement that onshell matrix elements of the subtracted X 5 vanish in the continuum, generates a finite renormalization of the axial current and a power subtraction of the quark mass. Thus, following [4] , in the above WI we will trade-off X 5 for the renormalized expression [∇ µÂ µ − 2mP − X 5 ], where X 5 is the subtracted X 5 . What is of interest to us is that, besides the above renormalizations, the X 5 insertion in the above corelation function also generates new contact terms
where the notation for the various coefficients has been chosen with some foresight. There are also contact terms arising from the proximity of X 5 (x) to the quark fields of the correlation G 1 at points x 1 , · · · , x 4 . These terms have the form
δ(x − x k ) (with k = 1, · · · , 4). However, as shown in [36] , they vanish in the continuum limit. We now combine eqs. (17) and (18), Fouriertransform the WI (with all external momenta set equal to p) and amputate the resulting correlation functions
1 + J\
1 − J\
We require the above WI, up to quark field renormalization, to be the one valid in the continuum limit for subtracted correlation functions (operators). This implies that the l.h.s., multiplied by Z 11 , can be identified with the renormalized parity-conserving correlation function (operator). We see immediately that the WI fixes the operator subtractions (i.e. the mixing coefficients ∆ 1k ). This can be done by projecting the above WI with suitable projectors [34] and by solving the resulting system of linear non-homogenous equations for the four ∆'s 2 . The WI also fixes the ratio of the multiplicative renormalization constants Z 11 /Z 11 , but not each of them separately. This is the analog of what happens in the case of the scalar and pseudoscalar densities: the Ward identities can only fix the ratio of the renormalization constants of these operators, Z P /Z S , but not Z P or Z S . Their values, for fixed Z P /Z S , is arbitrary and depend on the renormalization scheme. The WI (19) is only a function of bare quantities. This demonstrates that the matrix ∆ and the ratio Z 11 /Z 11 are finite functions of g 2 0 , which can be completely determined from the WIs, and do not depend on the renormalization conditions. The overall renormalization constant Z 11 (Z 11 ), instead, is logarithmically divergent (as in the continuum) and is fixed by imposing a suitable (scheme-dependent) renormalization condition on the subtracted operatorQ 1 . I will demonstrate now that the WIM and the NPM are equivalent for the determination of the lattice mixing coefficients. The validity of this statement has already been discussed in general in [28] and in the specific case of the four-fermion operators in [36] . Here I discuss the specific example of Q 1 . It is to be understood, throughout the rest of this section, that the chiral limit is to be taken in the end. From (19) , in the large momentum limit, one may derive the renormalization conditions used in the NPM to fix the matrix ∆. For large p, the last term on the r.h.s. of eq. (19) is power supressed. This happens because the explicit m factor implies that the integrand has one less dimension that the other terms so that, at large momenta, 2 The projectors obey the following orthogonality conditions: Tr I P it vanishes faster by one power of p. Moreover, in this limit the inverse quark propagator has the general form S −1 (p) = iΣ 1 γ µ p µ (with Σ 1 a scalar form factor). This means that in this limit it anticommutes with γ 5 . By projecting both sides of eq. (19) on the single operators Q 1 , I P k (with k = 1, . . . , 5) [34] , one obtains
which is precisely the system of equations used in [27] and [34] to fix the coefficients of the mixing matrix ∆. The generalization to the other operators is straighforward, although more complicated. For example, considering the operators Q 2,3 and Q 2,3 , we have (21) where I have used a compact notation for the row-vectors
) and for the mixing matrices
Equation (21) correspond to a system of linear equations in the matrix elements of z ∆ and in
which can be used to fix the subtracted operatorsQ 2,3 . Finally, overall renormalization conditions have to be imposed to theQ 2,3 to obtain the χRS mixing matrix z χ . Finally, I want to mention another method, implicitly suggested in [4, 30] , which has not been implemented yet in numerical simulations. This method is based on the Ward identities which can be written for gauge-invariant correlation functions. Let us introduce the "meson fields"
By defining the following correlation functions
the Ward identity can schematically be written as (24) where const. is a suitable constant which depends on the flavor quantum numbers of the operators Q and Q and of the external "meson fields". For different values of t π1 and t π2 , the above Ward identity results in a system of linear non-homogenous equations from which it is possible to extract ∆ ± and Z χ Z −1 χ . A study in this direction is underway [37] .
OPE without OPE
In this section, I will discuss some new methods which have been developed in order to overcome the difficulties related to the renormalization of lattice composite operators relevant in many important physical applications. Among the others, let me mention the structure functions in deep inelastic scattering, kaon and B-meson non-leptonic exclusive decays, electromagnetic form factors at large momentum transfer, exclusive and inclusive semileptonic B-decays etc. The general idea underlying these new methods is essentially the same and I will denote it as Operator Product Expansion without Operator Product Expansion (OPE without OPE or OPEwOPE). The reason for choosing this name will be clearer in the following. I now discuss the general features of the OPEwOPE, starting from the description of the standard approach followed so far in lattice calculations. Let us consider the short-distance OPE for the T -product of two generic currents between the physical external states |A and |B (25) where, for simplicity, Lorentz indices have been omitted. In the above equation, µ is the renormalization scale of the local, composite operatorŝ O i (µ) and the C i (x, µ) are the Wilson coefficients, which can be computed in perturbation theory, provided µ ≫ Λ QCD . The Wilson coefficients are choosen in such a way that the T -product is µ independent. The standard approach consists in computing the Wilson coefficients in perturbation theory and extracting the matrix elements of the local operators from suitable hadronic correlation functions. Many examples of matrix elements of local operators that have been studied in the past can be given: i) Moments of the structure functions, e.g.
; iv) operators of the HQET entering inclusive and exclusive decay rates, e.g.
2 h v |B ; iv) light-cone wave functions for electromagnetic form factors and exclusive B → π and B → ρ semileptonic decays, e.g.
The renormalized operatorsÔ i (µ) are obtained from the bare lattice operators either by using (boosted-tadpole improved) perturbation theory or non-perturbatively using the WIM or the NPM. The difficulties encountered in this approach are due to the fact that the ultraviolet behaviour of the "effective theory" (OPE, HQET, NRQCD, etc.) is much worse and divergences which were not present in the "full" theory appear in the different expansions. For example, if the currents are the SM quark currents responsible for weak decays, the l.h.s. of eq. (25) is finite, whereas the operators appearing on the r.h.s. are logarithmicaly or power divergent in the inverse lattice spacing a −1 . We briefly discuss examples taken from the cases considered above. i) Given the bare energy-momentum tensor density T µν =ψ(γ µ ↔ Dν +γ ν ↔ Dµ)ψ, the corresponding renormalized operator is given bŷ
In this case it is easy to get rid of the power divergences by taking µ = ν. ii) In presence of a charm-up GIM mechanism, the renormalized O ± operators have the form [4, 29] 
where the O i are operators of dimension six, the mixing of which is induced by the explicit chiral symmetry breaking of the lattice action and have been discussed in sec. 3. In this case, it has been impossible so far to get the matrix elements of the renormalized operators with resonable accuracy. iii) By defining
The subtraction procedure necessary to obtain a finiteŜ 0 , which is related to the definition of the renormalized quark mass, is straightforward [38] . An accurate determination of the quark mass, however, requires the control of high orders in perturbation theory [39] ; the definition of a finitê K, necessary to obtain the heavy quark kinetic energy is much harder and a small error on the final answer difficult to obtain [38] . The use of perturbation theory in the calculation of the mixing coefficients necessary to subract power divergencies gives unreliable results. A detailed discussion, with several examples can be found in [39] . For the calculation of logarithmicaly divergent or finite mixing coefficients instead, perturbation theory can be used, at least in principle. In practice, however, due to large higher-order corrections present in the expansion of the lattice perturbative series, the results are not very accurate and it is for this reason that the non-perturbative methods discussed in sec. 3 have been developed. All the problems connected to the construction of finite operators, out of the bare (power) divergent lattice ones, can be overcome, at least in principle, by using the OPEwOPE. I start by recalling a result presented at the Latt97 [30] , and then discuss new proposals, and feasibility studies, which appeared this year. Weak Hamiltonian The first example of OPEwOPE is related to non-leptonic weak decays. The standard construction of the weak Hamiltonian begins with the expression
where D W ρν (x; M W ) is the W -boson propagator and J ρL is the (left-handed) hadronic weak current. One then performs the OPE of the product of the two currents in eq. (29) (30) where d i is the dimension of the operatorÔ (i) (µ), and the functions C i (µ, M W ) result from the integration of the Wilson expansion coefficients, c i (x; µ) (defined in eq. (32) below), with the Wpropagator. Schematically, suppressing Lorentz indices, one has
The sum in the expansion (30) is over operators of increasing dimension. In the following only operators with dimensions d i ≤ 6 are considered, since the contribution from operators with d i > 6 is suppressed by powers of 1/M W . All the intricacies of operator mixing in the definition of the finite and renormalized operators, O (i) (µ), come about because the integral in (29) is extended down to the region of extremely small x. The complicated mixing for theÔ (i) (µ)'s in terms of bare operators arises from contact terms when the separation of the two currents goes to zero (i.e. when |x| is of the order of a). This observation suggests that a simple way to avoid these complications is to define the renormalized operators by enforcing the OPE for distances |x| much larger than the lattice spacing a. This is done by computing directly the T -product of the two currents rather than the matrix elements of the local operators on the r.h.s. of eq. (30) . For this reason I call this method OPEwOPE. We imagine proceeding in the following way: 1) Take the T -product of two properly normalized weak currents, J ρL (x)J † ρL (0). If required these currents can be improved. 
where the Wilson coefficients c i (x; µ) are determined by continuum perturbation theory using any standard renormalization scheme. Since we only consider operators of dimension 6 or lower, the T -product differs from the right-hand side of eq. (32) by terms of O(|x| 2 Λ 2 QCD ), which is an estimate of the size of the systematic errors in this procedure. 4) Insert the numbers B|Ô (i) (µ)|A determined in this way into the expression for the matrix elements of H W eff in eq. (30) . For the implementation of this procedure, what is required is the existence of a window, in which the distance between the two currents is small enough, so that perturbation theory can be used to determine the expected form of the OPE, but large enough that lattice artifacts are small. The existence of a window is a necessary conditions in all applications of the OPEwOPE. The method determines directly the "physical" matrix elements of the operators appearing in the OPE of the two currents, i.e. the matrix elements of the finite, renormalized operatorŝ O (i) (µ), without any reference to the magnitude of the W -mass. Thus we do not need to probe distances of O(1/M W ) with lattice calculations. The µ-dependence of the matrix elements of the oper-atorsÔ (i) (µ) is given trivially by that of the (perturbative) Wilson coefficients, c i (x; µ). It compensates the related µ-dependence of the functions C i (µ, M W ) in such a way that the l.h.s of eq. (30) is independent of the choice of the subtraction point. A similar comment holds for the dependence on renormalization scheme. Non-linear σ-model A feasibility study of this method, in a simplified case, has be presented by S. Caracciolo in a parallel session at this Conference [40] . They have considered the twodimensional non-linear σ-model, for which it is possible to define the following conserved currents where |p is some external state of momentum p andT µν the renormalized energy-momentum tensor (T µν = ∂ µ σ · ∂ ν σ). This operator has zero anomalous dimension, but it is subject to a finite renormalization (analogous to Z V,A in the case of Wilson fermions) on the lattice. In the OPEwOPE approach, one computes nonperturbatively the matrix elements of the Tproduct of the original currents, corresponding to the l.h.s of (34) and the Wilson coefficients (in this case there is only one operator corresponding to C T (x; µ)) in perturbation theory. From the knowledge of these quantities, one can then extract the desired matrix element of the local operators, i.e. p|T µν |p . In the example considered here, we may also compute directly the matrix element ofT µν and check to what extent the procedure works. In [40] they found a large window of distances for which the OPE is verified, when continuum perturbation theory is used in the calculation of the Wilson coefficient, giving the correct matrix element independently of the external states. The quark propagator The simplest T -product that can be considered is the quark propagator in a fixed gauge, for example the Landau gauge. Let us consider for example the following quantity
where α and A are spin and color indices respectively. At short distances, i.e. as |x| → 0, we have
where C ψ (x; µ) and C m (x; µ) are the Wilson coefficients, ψ ψ(µ) the quark condensate and O(a/|x| 4 ) represent (gauge non-invariant) lattice artifacts [41] . The Wilson coefficients, which are gauge-dependent, can be computed in any continuum renormalization scheme, for example in the M S scheme [42] . In the chiral limit, by fitting Σ 2 (x) to (36) , and using C ψ (x; µ) and C m (x; µ) from perturbation theory, one can extract the value of the condensate and the renormalized quark mass in the same scheme as the Wilson coefficients. It would be very interesting to compare the values obtained in this way, with those obtained with other techniques. Note that if we use the Fourier transform of Σ 2 , there are further contributions from contact terms, which can make the extraction of the condensate and of the quark mass more complicated. The shape function The knowledge of the shape function f (k + ) is a fundamental ingredient for the extraction of |V ub | from the end-point of the lepton spectrum. The same function also enters the calculation of the photon spectrum in radiative B decays. To give an explicit example, the differential distribution in semileptonic decays is given by
where m * b = M B − k + . The physical rate can be derived from the imaginary part of the forward matrix element of the
